Intranasal dexmedetomidine is an effective sedative for premedication and is regularly used to reduce preoperative tension and anxiety in children. This study aimed to assess the effect of intranasally adjunctive dexmedetomidine on perioperative sedative and analgesic requirements in adults. Materials and Methods: Patients were randomly divided into four groups to receive preoperative administration of saline, intranasal dexmedetomidine 1 μg/kg and 2 μg/kg, and intravenous dexmedetomidine 1 μg/kg, respectively. Propofol and remifentanil were target-controlled infused to maintain intraoperative bispectral index at 45-55 and blood pressure at baseline value±20%. Sufentanil was administered to maintain postoperative visual analogue scale ≤3. Perioperative anesthetics requirements were compared using nonparametric tests. Results: Intranasal dexmedetomidine significantly attenuated propofol requirements for anesthesia induction and maintenance in a dose-dependent manner. Patients given intranasal dexmedetomidine 2 μg/kg required less remifentanil for anesthesia maintenance. The first postoperative request for sufentanil analgesia was delayed in patients given intranasal dexmedetomidine 2 μg/ kg. The anesthetics-sparing effect of intranasal dexmedetomidine was significantly weaker than intravenous dexmedetomidine at the same dose of 1 μg/kg. The incidences of adverse events, including hemodynamic instability and delayed recovery, were comparable with and without intranasal dexmedetomidine. Conclusion: Intranasal administration of dexmedetomidine can reduce perioperative anesthetic requirements, and a dose of dexmedetomidine 2 μg/kg produces a better effect in adults. The anesthetics-sparing effect of intranasal dexmedetomidine 1 μg/ kg is less than that with the same intravenous dose of dexmedetomidine.
INTRODUCTION
With sedative, analgesic, and anti-sympathetic effects, dexmedetomidine is increasingly and widely used as an adjuvant drug in general anesthesia. Indeed, dexmedetomidine can reduce the perioperative use of sedatives and analgesics, and stabilizes intraoperative hemodynamics. 1, 2 It is clinically administered by intravenous and intranasal routes. Compared to intravenous administration, intranasal treatment is easier to administer and non-invasive. 3 In addition, dexmedetomidine has a molecular weight of 236.7 Da and is easily absorbed through nasal mucosa. Intranasal dexmedetomidine is regularly used as premedication to reduce preoperative tension and anxiety in children. 4, 5 Recently, it has been reported that intranasal dexmedetomidine is a safe and effective sedative approach during short procedures in adults. [6] [7] [8] However, the effect of intranasally administered adjunctive dexmedetomidine on perioperative anesthetic requirements in general anesthesia remains unknown. It was reported that the sedative onset time of intranasal dexmedetomidine is 45-60 min with a peak effect at 90-105 min in adults. 9 We, therefore, hypothesized that intranasal dexmedetomidine could reduce anesthetic amounts used in operations lasting between 1-2 h. In addition, we aimed to compare the effects of dexmedetomidine administered intranasally and intravenously at equal preoperative doses on perioperative anesthetics requirements in adults.
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MATERIALS AND METHODS
The study was approved by the ethics committee of the Affiliated People's Hospital of Jiangsu University and registered at www.chictr.org (ChiCTR-IOC-14005537). With written informed consent, patients scheduled for elective hysterectomy were recruited. Eligible participants were 40 to 55 years old with ASA physical status I. Exclusion criteria were as follows: 1) body mass index ≥30 kg/m 2 ; 2) history of nasal operation and nasal diseases, including rhinitis, nasal polyp, and nasosinusitis; 3) cardiovascular comorbidity, including bradycardia and atrioventricular block; 4) cardiovascular treatment, including antihypertensive medications; 5) neurological comorbidity; 6) recent use of sedative and analgesic drugs and psychotropic medications; 7) allergy to an α2-adrenergic agonist; 8) alcohol abuse.
Patients were randomly divided into four groups: control (group C), intranasal dexmedetomidine 1 μg/kg (group IN1), intranasal dexmedetomidine 2 μg/kg (group IN2), and intravenous dexmedetomidine 1 μg/kg (group IV) group. Dexmedetomidine 1 μg/kg and 2 μg/kg were administered intranasally 40 min before anesthesia induction in groups IN1 and IN2, respectively. The initial concentration of dexmedetomidine was 100 μg/mL (Hengrui Medicine Co., Ltd., Lianyungang, Jiangsu, China), and intranasal drug was diluted with normal saline to a final volume of 1.6 mL. Dexmedetomidine was sprayed into both nostrils (0.8 mL per nostril). Normal saline was administered intravenously 30 min following nasal medication. Dexmedetomidine 1 μg/kg was administered intravenously 10 min before anesthesia induction in group IV. The study drug was diluted with normal saline to a final volume of 15 mL and was administered over 10 min. Normal saline was administered intranasally 30 min before intravenous medication. In group C, patients received normal saline intranasally and intravenously according to the above method (Fig. 1) .
No pre-anesthetic medication was given. After patients entered the operating room, nurse anesthetists were instructed to keep patients calm and to avoid unnecessary noise. An 18 G catheter was inserted in the forearm vein and Lactated Ringer's solution was infused at 8 mL/kg/h. The study was initiated after heart rate, noninvasive blood pressure, electrocardiography, pulse oxygen saturation, and bispectral index (BIS) monitoring were carried out. Atropine 0.005 mg/kg was given at a heart rate (HR) <50 bpm; phenylephrine 0.5 μg/kg was given when mean arterial pressure (MAP) reached <80% of the baseline value following intranasal administration. The Observer's Assessment of Alertness/Sedation (OAA/S) scores and BIS values were recorded before induction. The commercial BIS-guided closed-loop target-controlled infusion (TCI) system (Slgo Medical Technology Co., Ltd., Beijing, China) of propofol was adopted for general anesthesia induction. This system integrates the BIS module (Aspect Medical Systems, Newton, MA, USA) for continuous BIS monitoring and Marsh pharmacokinetic parameters for the TCI of propofol. After entering patient information, such as sex, age, weight and height, the initial plasma propofol concentrations of groups C, IN1, IN2, and IV were set at 4.0, 3.0, 2.0, and 2.0 μg/mL, respectively, with their target BIS values at 50±5. When the BIS values decreased below 75, the closed-loop TCI system was initiated for automatic adjustment of propofol concentrations based on the dynamic BIS values, maintaining the BIS values within the target range. In addition, the system provides a realtime display of the dynamic BIS values and calculates plasma and effect-site concentrations of propofol. When the BIS reached the target values, effect-site TCI of remifentanil (Yichang Humanwell Pharmaceutical Co., Ltd., Yichang, Hubei, China) was applied via a commercially available TCI pump (slgo CP-600; Slgo Medical Technology Co., Ltd., Beijing, China) using the Minto pharmacokinetic model and adopting a constant effectsite concentration of 3.0 ng/mL. Then, intravenous administration of rocuronium 0.6 mg/kg was carried out 2 min later, and endotracheal intubation was performed 1 min thereafter. The lungs were ventilated to maintain an end-tidal carbon dioxide partial pressure (PetCO 2 ) of 30-40 mm Hg with 100% oxygen. If HR fell below 50 bpm during anesthesia induction, atropine 0.005 mg/kg was administered intravenously; in case of MAP below 80% of the baseline value, phenylephrine 0.5 μg/kg was administered intravenously. These treatments were repeated as necessary. Upon induction completion, the TCI of remifentanil was discontinued temporally while urinary catheterization, as well as skin sterilization and draping, were initiated.
All hysterectomy procedures were performed by the same surgical team. TCI of remifentanil was restored 3 min before skin incision, with the same effect-site concentration of 3.0 ng/ mL. The BIS values were maintained at 50±5 by closed-loop TCI of propofol; intraoperative MAP was maintained at baseline value ±20% by remifentanil administration. With MAP below the preset range, TCI of remifentanil was terminated and restored when MAP reached the preset range, with the level obtained at that time set as the new effect-site concentration. If BP was over the preset range, the effect-site concentration was increased by 0.5 ng/mL every 3 min till the preset MAP range was reached. When strong surgical stimuli were triggered (for instance, at the moment of skin incision, abdomen approach, and surgical exploration) and the concentration of remifentanil was altered, MAP was measured every 1 min; otherwise, it was measured every 3 min. If intraoperative MAP reached the preset range with HR below 50 bpm, atropine 0.005 mg/kg was administered; however, with normal MAP and HR over 90 bpm, esmolol 0.5 mg/kg was given; these treatments were repeated as needed. Atracurium was administered to maintain muscle relaxation at a rate of 5 μg/kg/min and stopped before closing the abdomen. Prior to skin anastomosis, propofol and remifentanil were discontinued, while sufentanil 0.3 μg/kg and ramosetron 0.3 mg were administrated.
Patients were transferred to the postanesthesia care unit (PACU) for 5 hours of postoperative observation. Patients were wakened when BIS values were restored to 70 and administrated neostigmine 0.02 mg/kg and atropine 0.01 mg/kg to antagonize muscle relaxation if necessary. Tracheal extubation was preformed after patients could obey simple commands, raise their heads for more than 5 sec, and breathe deeply on request. Oxygen inhalation, vital sign monitoring, and pain assessment were conducted postoperatively for all patients. When visual analogue scale (VAS) exceeded 3, sufentanil 0.1 μg/kg was administered, repeatedly if necessary, till VAS reached ≤3. Afterwards, patients were given a patient-controlled intravenous analgesia delivery system with sufentanil 2.0 μg/kg diluted to 100 mL, 2.0 mL boluses with a 10-minute lockout interval without continuous infusion, to maintain VAS ≤3.
Random numbers were generated using the EXCEL random number generator and allocated to each patient. Then, patients were divided into four groups in numerical order. One anesthetist applied intravenous or intranasal dexmedetomidine administration, set the initial propofol target concentration according to grouping, and turned on or off the BIS-guided propofol TCI pump. Another anesthetist, who was blinded to patient grouping and propofol TCI pump, performed anesthesia following the study protocol. Another PACU anesthetist blinded to grouping was in charge of pain assessment and analgesic administration.
The main outcome measures were effect-site concentration of propofol required to reach the target BIS value and total doses of propofol and remifentanil during anesthesia maintenance. Secondary outcome measures were time to first postoperative sufentanil supplement, postoperative total sufentanil dosage within 24 h, and number of patients that required atropine and phenylephrine during anesthesia induction.
Sample size and statistical analysis
Sample size calculation was based on the following assumptions: 1) The primary end point was propofol dosage required for maintenance of anesthesia. 2) In a previous study, the average infusion rate of propofol was 4.7±1.6 mg/kg/h in maintenance when using manual propofol and remifentanil TCI. 10 3)
Le Guen, et al. 11 showed a 30% decrease of propofol requirements by a loading dose of 1 μg/kg dexmedetomidine followed by an infusion rate of 0.5 μg/kg/h during maintenance of anesthesia. We assumed that propofol requirements would be 20%, 20%, and 30% less in the present of intravenous dexmedetomidine 1 μg/kg and intranasal dexmedetomidine 1 and 2 μg/kg than without dexmedetomidine, respectively. 4) A two-tailed α of 0.05 and β of 0.10 required a sample size of 26 subjects per group. We thus planned to enroll 120 subjects in this study.
Data were analyzed using the SPSS statistical package, version 17.0 (SPSS Inc., Chicago, IL, USA) for Microsoft Windows. Data are expressed as means±SD or medians (with interquartile ranges, IQR) and numbers when appropriate. The significance level was set at 5% unless otherwise reported. Numerical variables were compared using parametric one-way ANOVA with least significant difference test for post hoc analysis or the nonparametric Kruskal-Wallis test followed by Mann-Whitney U with Bonferroni correction for between-group comparison after testing for normal distribution and homogeneity variance. The time to first sufentanil rescue was compared using a logrank test with Bonferroni correction. Chi-square test and Fisher exact test were used for intergroup comparison of categorical data with Bonferroni correction. The significance level for Bonferroni correction was set at 0.0083.
RESULTS
One hundred and forty-four patients were screened for eligibility, and 120 were subsequently allocated to four groups. Eleven patients with hypertension, four patients with nasal diseases, and two patients with bradycardia were excluded. A total of one hundred and eight patients completed the study (Fig. 2) .
There were no significant differences in patient characteristics, baseline MAP and HR, baseline BIS, operation time, intraoperative urine output, and blood loss ( Table 1) . 
Intranasal DEX in General Anesthesia
Dexmedetomidine significantly decreased BIS values and OAA/S scores at 40 min after intranasal administration. The BIS values and OAA/S scores were significantly lower in patients given intranasal dexmedetomidine 2 μg/kg than intranasal dexmedetomidine 1 μg/kg. There were no significant differences in adverse hemodynamics events before anesthesia induction between the groups (Table 2) .
Anesthesia induction was quicker in groups IN2 and IV, compared to groups IN1 and C. The effect-site concentration of propofol for reaching target BIS values in groups IN1 and IN2 were significantly lower than the control group in the induction phase. In addition, the concentration of propofol in group IN2 was significantly lower than that in group IN1. Patients given intravenous dexmedetomidine required significantly less propofol concentration than the same dose of intranasal dexmedetomidine for anesthetic induction and more propofol concentration than the double dose of intranasal dexmedetomidine. More patients in group IV required treatment with atropine than the other groups. No intergroup differences were observed for numbers of patients requiring phenylephrine (Table 3) .
There were no significant differences in anesthesia maintenance time. Significantly less propofol were required in groups IN1 and IN2 than the control group in the maintenance phase. In addition, the dosage of propofol for maintaining the target BIS value in group IN2 was significantly lower than that in group IN1. Patients given intravenous dexmedetomidine required significantly less propofol dosage than intranasal dexmedetomidine for anesthesia maintenance at the same preoperative dose and more propofol dosage than the double dose of intranasal dexmedetomidine. Significantly less remifentanil was required in groups IN2 and IV than groups C and IN1 in the maintenance phase. There were no significant differences in remifentanil requirements between groups C and IN1 (Table 4) .
There were no significant differences in postoperative extubation time. The median time to first postoperative rescue sufentanil was significantly longer in groups IN2 and IV than 61±28 48±25 56±27 66±27 MAP, mean arterial pressure; HR, heart rate; BIS, bispectral index; IN1, intranasal dexmedetomidine 1 μg/kg; IN2, intranasal dexmedetomidine 2 μg/kg; IV, intravenous dexmedetomidine 1 μg/kg. Data are mean±SD or median (interquartile ranges). groups C and IN1. There were no significant differences in delay to first postoperative sufentanil administration between groups C and IN1 (Fig. 3) .
Table 2. Effects on BIS and OAA/S and Hemodynamics of Intranasal and Intravenous Dexmedetomidine
The sufentanil requirements in the first 24 h postoperatively were significantly lower in patients given intranasal dexmedetomidine 2 μg/kg or intravenous dexmedetomidine 1 μg/kg than intranasal dexmedetomidine 1 μg/kg or saline (Table 5) .
DISCUSSION
As shown above, intranasal administration of dexmedetomidine prior to anesthesia induction can reduce perioperative anesthetics requirements, and the effect of intranasal dexmedetomidine 1 μg/kg was less pronounced than that observed with the same dose of intravenous dexmedetomidine in adults.
Our study applied a BIS-guided, closed-loop TCI system, which automatically adjusts the target concentration of propofol to maintain target BIS values, making medication more objective, avoiding subjective influences from the operators, and realizing a smoother sedation depth. During induction and maintenance of anesthesia, intranasal dexmedetomidine attenuated propofol requirements for reaching predetermined BIS values in a dose-dependent manner, in accordance with previous findings focused on the sedative effect of intranasal dexmedetomidine in children. A study by Wang, et al. 12 indicated intranasal dexmedetomidine 2 μg/kg induces a stronger sedative effect than 1 μg/kg in children. When dexmedetomidine was administered intranasally for procedural sedation in children undergoing diagnostic magnetic resonance imaging, the success rates of dexmedetomidine 2 μg/kg and 3 μg/kg were 60% and 86%, respectively. 13, 14 Previous studies indicated that intranasal and intravenous dexmedetomidine had similar pharmacological effects. Iirola, et al. 15 applied both intranasal and intravenous dexmedetomidine to healthy volunteers and recorded their OAA/S scores and BIS values, finding similar areas under the curve for the OAA/S scores and BIS values within 3 h. In addition, Zhang, et al. 8 demonstrated that OAA/S scores of patients receiving the same dose of dexmedetomidine intranasally and intravenously were not significantly different. As shown above, intravenous dexmedetomidine 1 μg/kg resulted in a lower dosage of propofol used during anesthesia induction and maintenance than those required with the same dose of intranasal dexmedetomidine, not corroborating the above studies. The following reasons may explain this inconsistency: first, dexmedetomidine has a unique conscious sedation effect, and it is hard to judge variations in the degree of sedation based on subjective OAA/S scores when sedation is not deep; patients need to be called and patted during OAA/S assessment, and these stimuli not only disturb the sedative state of healthy volunteers but also alter the BIS values. In addition, without muscle relaxants, BIS monitoring is easily disturbed by electromyography of the frontalis muscle. 16 Here, we adjusted propofol dosages based on in- traoperative BIS monitoring, providing a better reflection of the different sedation effects induced by intravenous and intranasal administrations of dexmedetomidine. Secondly, drug absorption is slow after intranasal dexmedetomidine, and the peak concentration is significantly lower than that for its intravenous counterpart. This not only delays the drug onset time but also results in a less pronounced maximum effect of intranasal vs. intravenous dexmedetomidine. 15 Finally, absorption of intranasal medication is affected by many factors. Apart from mucociliary clearance rate, nasal secretion, and nasal mucosal blood flow, administration volume is also an important factor. The adequate administration volume for the nasal cavity is 0.1-0.2 mL. It is possible that part of the intranasal drug solution can flow into the pharynx and be swallowed. In the present study, we used an intravenous preparation of dexmedetomidine and the intranasal administration volume was large, which might reduce the bioavailability and pharmacological effect after intranasal treatment.
Intranasal dexmedetomidine 2 μg/kg reduced remifentanil amounts during anesthesia maintenance, while small doses of dexmedetomidine displayed no significant effect. Intravenous dexmedetomidine also showed a similar dose-effect relationship. Ngwenyama, et al. 17 found that intravenous infusion of dexmedetomidine 0.5 μg/kg/h without preload did not affect the intraoperative analgesics dosage. Meanwhile, Bekker, et al. 18 applied continuous infusion of dexmedetomidine 0.5 μg/kg/h with a preload of 1.0 μg/kg to patients receiving craniotomy, and intraoperative analgesics requirements were reduced. Systemic dexmedetomidine lacks robust analgesic efficacy. 19, 20 Our pilot study also showed that a loading dose of intravenous dexmedetomidine 1 μg/kg, followed by an infusion rate of 0.33 μg/ kg/h, does not reduce intraoperative opioid requirements, irrespective of its sedative and sympatholytic properties. 21 Dexmedetomidine is a potent sympatholytic agent, which can inhibit sympathetic activation following surgical stimuli. In the previous and present studies, hemodynamic criteria were used as stress response indicators to guide intraoperative opioid administration upon adjunctive DEX administration in general anesthesia. 22, 23 Therefore, the analgesics-sparing effect produced by dexmedetomidine may be attributed to its sympatholytic properties.
Preoperative administration of dexmedetomidine can reduce analgesic requirements until the postoperative period. Unlugenc, et al. 24 found that intravenous dexmedetomidine 1.0 μg/kg prior to anesthesia induction reduced the required morphine use by 28% in abdominal operations. Dexmedetomidine's half-life is about 2 h after both intravenous and intranasal administrations; 15 therefore, the effects of preoperatively intranasal and intravenous dexmedetomidine should be similar and persist until the postoperative phase. As shown above, intranasal dexmedetomidine 2.0 μg/kg delayed the first postoperative sufentanil supplement and reduced the analgesics required 24 h postoperatively.
Dexmedetomidine has central anti-sympathetic and vagal nervous activity promoting effects, which may result in hypotension and bradycardia, in particular at high doses. We found that more patients required atropine injections following intravenous dexmedetomidine 1.0 μg/kg; meanwhile, Wang, et al. 25 also demonstrated that intravenous dexmedetomidine 1.0 μg/ kg during TCI of propofol increases the incidence of bradycardia. However, intranasal administration of dexmedetomidine did not increase atropine requirements during anesthesia induction, which may be associated with slower absorption and lower peak concentration with intranasal administration, compared with the intravenous treatment. There are mainly two possible reasons why intravenous and intranasal dexmedetomidine do not increase vasopressors requirements. First, dexmedetomidine has a bidirectional effect upon blood pressure: when exerting an effect upon the peripheral α 2 adrenoceptor, the drug will contract peripheral blood vessels and increase blood pressure. Therefore, even an intravenous load of 1.0 μg/ kg dexmedetomidine will not increase the usage rate of vasopressors. Second, because propofol induces a dose-dependent decrease in blood pressure, its reduced usage induced by dexmedetomidine can compensate for the hypotension caused by the latter drug.
Dexmedetomidine produces characteristically arousable sedation, which differs markedly from other sedatives. Kasuya, et al. 26 showed that at comparable BIS values, OAA/S scores were higher with dexmedetomidine than with propofol sedation. Although the median (range) of BIS was 78 (69-93) with intranasal dexmedetomidine 2 μg/kg, the median (range) of OAA/S was 4 (4-5), which is considered a shallow sedation level. In the study, the sedative level and hemodynamics parameter were recorded merely 40 min following intranasal dexmedetomidine. Further investigation was needed to explore pharmacological effect of intranasal dexmedetomidine 2 μg/kg.
Onset of intranasal dexmedetomidine is delayed compared with that of intravenous treatment, which limits its application in anesthesia, particularly during consecutive operations. In the current study, we did not emphatically compare differences in onset time between intranasal dexmedetomidine 1 and 2 μg/ kg. Previous studies on children showed the onset time of sedation following intranasal administration of 1 μg/kg dexmedetomidine was 25 min, whereas the onset time of intranasal dexmedetomidine 2 and 2.5 μg/kg shortened to 15 and 13.4 min, respectively. [27] [28] [29] We, therefore, speculate that the onset time of sedation of intranasal dexmedetomidine 2 μg/kg may be shortened in adults, although this still requires further verification.
In conclusion, both intranasal and intravenous administrations of dexmedetomidine reduced perioperative anesthetic requirements. Intranasal treatment, however, resulted in a less pronounced effect at the same dose of 1 μg/kg. Preoperatively, intranasal dexmedetomidine 2 μg/kg produces a more obvious anesthetics-sparing effect and seems to not increase the incidence of bradycardia and hypotension in adults.
